This study aims to analyze the global trends of energy mix and energy transition from a chronological view (from Y1995 to Y2015) and identify the actual results based on the empirical findings. It sets up a measurement framework of energy mix (four energy sources:
Introduction
Entering the 21st century, major changes in the energy environment have been taking place around the world [1, 2] . Measures to reduce the use of fossil fuels due to greenhouse gas problems related to the global warming have been intensively discussed by developed countries in the Organisation for Economic Cooperation and Development (OECD), and extensive changes in energy technology and policy environment, in particular, are in progress [3] . Since the transition to the New Climate Regime after the Paris Agreement in December 2016, the energy sector is responsible for more than 2/3 of greenhouse gas emission in the world, and has been drawing attention as a necessary sector to consider. In other words, an exhaustive reshuffling of existing fossil fuel-oriented energy policies is required. In this flow, 'Energy Mix' and 'Energy Transition' are emerging as global subjects [4] [5] [6] .
environmental changes in the energy sector emerging since the 21st century, first, the reduction in fossil fuel usage can be considered to decrease greenhouse gas as use of the fossil fuels cause global warming. Second, the stressing of new and renewable energy: Renewable energy, in particular, has been pronounced as being at the center of the recent Energy Mix agendas, as it was pointed out to be the capable of achieving a reduction in greenhouse gas and energy security against high oil prices, and green growth through the export of technologies altogether [5, 17] . Although there is no internationally fixed definition and scope for renewable energy, in general, it can be defined as energy used by transforming the existing fossil fuels or the renewable energy that include sunlight, water, geothermal heat, rainfall precipitation, and biological organisms [6] . There are nine types of main renewable energy source: Solar Photovoltaic, solar heat, wind power, hydropower, ocean, geothermal heat, and bio-and hydrothermal energy. New energy types include fuel cell, hydrogen energy, and coal gasification [17] .
Also, the energy that received the spotlight from the 21st century due to the aftermath of the greenhouse gas reduction and high oil prices is nuclear power. Although nuclear power has advantages to have nearly no emission of greenhouse gas and the lowest generating cost, due to the risks of nuclear power accident, exhaustiveness of the ingredient Uranium, and problems with management costs in the future, arguments against the use of nuclear power have been articulated [3, 9] . In the perspective of setting an Energy Mix, since nuclear power plants are facilities that cause large capital investment and it is most cost-effective to maximize use once they are built, it is important to discuss nuclear plants by distinguishing ones for which investment decisions have already been made and the others that are yet in planning.
Meanwhile, in cases of some OECD countries (Korea, Japan, etc.), promoting export-industrialization policy for the energy industry and its application to the Energy Mix an important issue [3, 17] . As firms in relevant countries are pursuing exports through oil product exports, nuclear power plant construction orders, and package-deals for overseas resource development, a correlation between Energy Mix and international competitiveness enhancement and maintenance policies has become more significant. In other words, the subject of discussion has been whether to adjust domestic Energy Mix according to the ripple effects of fostering and exporting of domestic industries.
In terms of global power production structure by generation sources, coal generation has been significantly decreasing in OECD countries which was replaced by natural gas generation, and noticeably, there is a rapid increase in renewable energy generation after the 2000s [9, 10] . The weight of each generation source of OECD countries has different characteristics depending on their national conditions, and along with the flow of the era, it can reflect advents of new generation source and changes in the weight.
Coal generation, in particular, has been most widely used as one of the oldest base-load generation sources, however, as new power generation fuels such as nuclear power and natural gas appeared, countries are experiencing major changes in their composition of power generation sources. Nuclear power generation appeared during the 1970s and 1980s while natural gas appeared after the 1980s and proliferated thereafter, and as concerns about environmental pollution caused by greenhouse gas omission raised in international conventions appeared, from the 2000s onwards interests in renewable energy generation and technological innovation have been continuing [6, 9] .
Power mix and capacity factors show large disparities by country because they are determined by power consumption patterns of each country, generation cost, national policy, and energy plans, efficiency level of generation technologies, and availability of generation source [11] . Power is a country's key industry; but because power generated cannot be readily stored, it can be influenced absolutely by distribution prediction and amount of consumption according to a government's power plans.
Meanwhile, major countries in OECD are promoting policies that focus on reducing the use of fossil fuels (carbon reduction) and expanding renewable energy use, while they are also increasingly trying to reduce the use of nuclear energy due to numerous nuclear power accidents that have happened almost once in every 10 years [3, 12] . In fact, these efforts for 'energy transition' pursue the 'soft energy path' [3, 18] , which was suggested almost 40 years ago. The ideas of 'energy transition' emphasizes on transition of 'sociotechnical system' in which political, economic, and social elements also change and become restructured, along with transition of the 'energy source' from fossil fuel and nuclear power generation, the hard energy path, into renewable energy, the soft energy path [19] [20] [21] .
The transition that sociotechnical system theory focuses on refers to a gradual and continuous structural transition process which takes place in a given social system for more than one generation (30 years); this transition is fundamentally based on a multi-level perspective and transdisciplinary approach; the basic transition process is to have a system transformation happen by producing interactions between scientific technology and society and, through this, bring positive policy changes [22, 23] . Lately, in terms of scrutinizing and theorizing this systemic property of energy transition, a theoretical approach called 'transition studies' has been drawing attention which analyzes and studies changes and relevant policies of a sociotechnical system [24] [25] [26] .
As one of the major examples of energy transition, the German Government announced 'Energy Transition (Energiewende)' for a total energy system transition in 2009 and has been searching for changes in energy policy and regulation method [21] . Especially, it announced the 'Energy Concept 2010 , which addresses plans to decrease dependency on fossil fuel energy and to expand new and renewable energy sources and, ultimately, to shut down all their nuclear power plants. In specifics, alerted by the Fukushima Daiichi nuclear disaster, the German Government decided to shut down all of its nuclear power plants by 2022 and drew worldwide attention by announcing an 'Energy Package' amended from the previous Energy Concept [5, 21] . In addition, since the Fukushima Daiichi nuclear disaster in 2001, France mapped out 'Energy Transition' in order to deal with concerns of nuclear power safety from media and to secure diversity of energy source, and legislated <Energy Transition Law> in 2015; the Energy Transition Law contains, as major policy goals, combating climate change through greenhouse gas reduction, new and renewable energy expansion, reduction of dependence on nuclear power development, and energy source diversification [17, 27, 28] .
Fuzzy-Set Methodology and Measurement Framework

The Rationale of Fuzzy-Set and Ideal Type Analysis
The Fuzzy-set Analysis (methodology) is a special form of case study method as Qualitative Comparative Analysis (QCA) suggested by Zadeh from the University of Berkeley in 1965, and it has been used in diverse ways by scholars such as Ragin and Kvist in application to Social Sciences [29, 30] . The Fuzzy-set analysis is an improved version of the method from Qualitative Comparative Analysis [31, 32] that was previously used in the Social Sciences. In particular, Fuzzy-set analysis has a set of major advantages. First, through exercising Fuzzy-set methodology, disadvantages of case-oriented study and variable-oriented study can be overcome. It can be said that case-oriented analysis deals with a particular phenomenon in depth, whilst quantity-oriented analysis puts its emphasis on generalities of various cases by using variables [31] . Second, due to this property, Fuzzy-set analysis enables dealing of the middle-case studies (15-25 cases), which comparative case analysis and regression analysis could not address despite being substantial subjects for analysis, and makes middle-class comparative analysis possible [29, 31] . Moreover, it is also used in analyzing joint causal relations by paying due consideration to interactive effects between each quality in a given case [29, 30] . Third, it can explain diverse social phenomena. Although a great number of social scientists confront situations of analyzing complicated social phenomena, in practical analysis there have been many cases where they simply categorize the social phenomenon in a dichotomy of 0 and 1, which minimizes the loss of information in the analysis [31, 33] . Fourth, it enables a more theoretical approach to categorization of the types [34, 35] . The Fuzzy-set analysis determines the number of memberships by categorization standards that consist of the ideal type extracted under theoretical Energies 2018, 11, 2992 5 of 14 background [29, 36] . Accordingly, many recent studies are applying Fuzzy-set analysis to categorizing types [37, 38] .
This research categorizes thirty-four OECD countries through comparative analysis by utilizing Fuzzy-set Ideal Type Analysis. Fuzzy-set Ideal Type Analysis represented by fuzzy membership scores demonstrates, by applying Fuzzy-set Theory, how close the subject of analysis is to that converted into fuzzy sets [39, 40] . Through this process it analyzes the degree of memberships of each category, translating the existing original data results into fuzzy-set membership scores. As the number of the sets is decided by the ideal type, unlike the existing cluster analysis through Fuzzy-set Ideal Type Analysis which this research conveys, more systematic categorization and interpretation become available [37, 38] .
The criteria for interpretation of membership scores of Fuzzy-set Ideal Type Analysis drawn from this research is based on the one suggested by Ragin [32] . In particular, after we converted the scores into the Fuzzy-set score system through the calibrate function of STATA 12.0, we have measured them according to three qualitative anchors: 'fully in', 'fully out', and 'crossover point' as in the degree of the two. In other words, any score that is higher than the crossover point (0.5) is given strong membership (in the case the degree of full membership the given value possesses (FI: fully in or full membership) is higher than 95% (0.95)). In addition, any score below is given a low membership score (in the case the degree of full membership is not present (FO: fully out or full non-membership) is lower than 5% (0.05)). The formula for the Degree of Membership Score in the Fuzzy-set Idea Type Analysis is as follows
•Degree of Membership = exp(log odds)/(1 + exp(log odds).
Measurement Frameworks
In order to conduct the Fuzzy-set ideal type analysis, this study first sets up the four type variables (fossil fuel energy sources, hydroelectric sources, renewable sources, and nuclear sources). Second, it converted (calibrated) the four type variables into fuzzy scores by utilizing the three anchors (minimum, median (p50), and maximum), respectively, in order to identify the types of energy mix in thirty-four OECD countries from Y1995 to Y2015.
The degree of membership in this research is calculated and interpreted by the 'principle of negation', the 'minimum principle', and the 'maximum principle'. This research sets the four category variables 'fossil fuel sources'(F), 'hydroelectric sources' (H), 'Renewable sources' (R), 'Nuclear sources' (N), as shown in Table 1 . In this case, the principle of negation enables setting up negative categories of 'f', 'h', 'r', and 'n' through '1-Fuzzy-set membership score of the applicable category'. Accordingly, the ideal type is determined by applying the number of cases that each category variable can take, and this research postulates sixteen ideal type sets (high or low) based on the four category variables (see Table 2 ).
In addition, these sixteen ideal type sets are yielded and interpreted by the 'Minimum Principle' and the 'Maximum Principle' [38, 46] . The 'Minimum Principle' states that it is the minimum value among the fuzzy-set scores drawn from the principle of the sixteen types of ideal type categorization that will be the Fuzzy-set membership score of the respective categories; in other words, among the fuzzy scores of the four variables (F, H, R, N) that consist of the corresponding category sets, the minimum value will be selected. For example, if the fuzzy score of F in Category 'F*H*R*N' appears to be the minimum value, the fuzzy-set membership score of Category 'F*H*R*N' will be denoted as the fuzzy score of 'F' itself. Moreover, the 'Maximum Principle' postulates that while the fuzzy-set membership score of twenty-four OECD countries can conclusively be presented by sixteen types of categories, one with the maximum value of the membership score will be the category for the corresponding area. 
Findings: Changes and Continuity of Energy Mix and Transition
As explained in Table 3 below, the changes in the energy mix of the 34 OECD countries by year are shown in the descriptive statistics. The energy source with the most rapid change was renewable energy sources, which was only 1.9% (of total energy generation) in 1995, but it increased to 15.1% in 2015, showing an increase of approximately 8 times. Among the 34 OECD countries in 1995, the maximum (Finland case) of the rate of generation of renewable energy sources was 10.3%, but in 2015 the maximum (Denmark case) reached 60.7%. On the other hand, fossil fuel sources accounted for the highest percentage of 55.8% in 1995 and 48.3% in 2015, but the share of fossil fuel sources decreased by 15% compared to 1995. In addition, hydroelectric and nuclear sources have been found to have declined by about 21% and 4%, respectively, over a period of 20 years. This study notes that the characteristics of gradual energy transition from the fossil fuel sources to the renewable energy sources have been achieved for 20 years since 1995. Through the Fuzzy-set ideal type analysis, twelve ideal types of the energy mix of thirty-four OECD countries were derived in Y1995, eleven ideal types in Y2000, thirteen ideal types in Y2005, Energies 2018, 11, 2992 7 of 14 twelve ideal types in Y2010, and fifteen ideal types in Y2015, respectively. The findings of the Fuzzy-set ideal type analysis on the energy mix for each of the thirty-four OECD countries are quite different for each year (see Tables 4 and 5 below) . Luxembourg (Fuzzy-set membership score, 0.533) and Mexico (0.530) were included in Type 1 (F*H*R*N) in 1995, which has all four high features of energy sources (Fossil Fuel, Hydroelectric, Renewable, and Nuclear), and Mexico (0.502) was included again in 2005. However, Hungary (fuzzy-set membership score, 0.543) and Korea (0.501) in 1995 and Austria (0.759) in 2015 were included in Type 16 (f*h*r*n) with the four low features (fossil fuel, hydroelectric, renewable, and nuclear). Type 1 (F*H*R*N) can be regarded as a 'strong-balanced energy-mix' in which all four energy sources are well balanced at a high level, while Type 16 (f*h*r*n) seems to have a characteristic of 'weak-balanced energy-mix', structured in a balanced manner at a low level.
In particular, the changes and continuity results of the ideal types of the energy mix for each country are shown in Table 6 below. For 20 years from 1995 to 2015, twenty-four out of thirty-four countries showed a change in their ideal types more than once; ten countries from 1995 to 2000, ten countries from 2000 to 2005, ten countries from 2005 to 2010, and eleven countries from 2010 to 2015. In particular, there are six countries (FRA, GER, HUN, LUX, NED, and ESP) with three or more changes of the energy mix ideal types, and six countries (CHI, GRC, JPA, KOR, MEX and UK) with two changes of the ideal types (all grey columns in Table 6 below). As shown in Table 7 below, the trend characteristics of the energy mix ideal type results show that in 1995, the most common type was Type 8 (F*h*r*n, 'fossil fuel-centered type'), which included six countries including Israel. The most common type in 2000 was Type 8 and Type 10 (f*H*R*n), including five countries respectively. In 2005 and 2010, Type 12 (f*H*r*N, 'hydro & nuclear-centered type') emerged as the largest number of countries included with five countries in 2005 and four countries in 2010 including Switzerland. In 2015, the largest number of four countries was included as Type 12, but there are also two types (Type 7 and Type 6), each with the largest number of four countries.
In particular, Type 10 (f*H*R*n) is a 'pan-renewable energy-centered type' in which hydroelectric and renewable energy sources are high. Since 1995, it has appeared continuously as a major energy mix ideal type. Throughout the all five stages from 1995 to 2015, the most number of twenty countries were Type 10 (f*H*R*n), followed by Type 12 (f*H*r*N, 'hydro & nuclear-centered type') with the second most number of nineteen countries. 
Conclusions and Implications
This study has attempted to analyze the global trends of energy mix and energy transition in chronological view (from Y1995 to Y2015) and identify the actual results based on the empirical findings through the Fuzzy-set ideal type analysis. We have looked at the research question: how the ideal types of the energy mix in the OECD countries form and what implications they have in the context of energy transition. In short, this paper reveals that twelve ideal types of the energy mix of thirty-four OECD countries were derived in Y1995, eleven ideal types in Y2000, thirteen ideal types in Y2005, twelve ideal types in Y2010, and fifteen ideal types in Y2015, respectively. In particular, the results of the fuzzy-set method are beneficial in that they present the new joint features of ideal types of energy mix and transition of OECD countries by utilizing existing global energy source data: 'Fossil fuel sources'(F), 'Hydroelectric sources' (H), 'Renewable sources' (R), and 'Nuclear sources' (N).
In terms of Energy Mix, this study has found that particularly in 2015, S. Korea (Fuzzy-set membership score, 0.727), USA (0.664), Czech Rep. (0.554), and Netherlands (0.513) belonged to Type 7 (F*h*r*N, 'pan-conventional energy-centered mix') led by the conventional energy sources including fossil fuel and nuclear power; and Israel (0.938) and Japan (0.609) belonged to Type 8 (f*h*r*N, 'fossil fuel-centered energy mix'). Also, Hungary (0.675) and France (0.511) belonged to Type 15 (f*h*r*N, 'nuclear-centered energy mix'). On the other hand, Iceland (fuzzy-set membership score, 0.708), New Zealand (0.680), and Portugal (0.520) belonged to Type 10 (f*H*R*n, 'pan-renewable energy-centered mix') led by the hydroelectric sources and renewable energy sources; and Denmark (0.718) was included in Type 14 (f*h*R*n, 'renewable energy-centered mix'). Figure 1 below shows the main results of energy mix in 2015.
In regards to Energy Transition, from 1995 to 2010, in the case of Type 7 ('pan-conventional energy-centered mix') and Type 8 ('fossil fuel-centered energy mix'), seven to eight countries were steadily included, but in 2015 there was a significant decrease to four countries (solely Type 7). However, in the case of Type 10 (f*H*R*n, 'pan-renewable energy-centered mix') and Type 14 (f*h*R*n, 'renewable energy-centered mix'), four to five countries were consistently included without significant change from 1995 to 2015.
Even in the case of individual countries of 34 OECD countries, there has never been an epoch-making transition from Type 7 ('pan-conventional energy-centered mix'), Type 8 ('fossil fuel energy-centered mix'), or Type 15 ('nuclear energy-centered mix') to Type 10 ('pan-renewable energy-centered mix') or Type 14 ('renewable energy-centered mix') for 20 years. Meanwhile, in the case of Denmark, Type 6 (f*h*R*n, 'fossil fuel & renewable energy-led mix') had continued from 1995 to 2010, but there was a transition into Type 14 ('renewable energy-centered mix') in 2015, which has shown significant results. In fact, the share of renewable energy generation in Denmark was only 5.0% in 1995, but it accounted for the highest proportion of 60.7% in 2015, with a rapid increase of approximately 12 times over 20 years. Specific attention is given to Denmark as it is currently able to supply up to 140% of the country's total electricity demand with only wind power. The remaining electricity is supplied to neighboring countries, Norway, Germany, and Sweden [9, 17, 47] .
making transition from Type 7 ('pan-conventional energy-centered mix'), Type 8 ('fossil fuel energycentered mix'), or Type 15 ('nuclear energy-centered mix') to Type 10 ('pan-renewable energycentered mix') or Type 14 ('renewable energy-centered mix') for 20 years. Meanwhile, in the case of Denmark, Type 6 (f*h*R*n, 'fossil fuel & renewable energy-led mix') had continued from 1995 to 2010, but there was a transition into Type 14 ('renewable energy-centered mix') in 2015, which has shown significant results. In fact, the share of renewable energy generation in Denmark was only 5.0% in 1995, but it accounted for the highest proportion of 60.7% in 2015, with a rapid increase of approximately 12 times over 20 years. Specific attention is given to Denmark as it is currently able to supply up to 140% of the country's total electricity demand with only wind power. The remaining electricity is supplied to neighboring countries, Norway, Germany, and Sweden [9, 17, 47] . In Portugal, Type 2 (F*H*R*n, 'nuclear energy-marginalized mix') was maintained until 2005, but in 2010, it was converted to Type 10 (f*H*R*n, 'pan-renewable energy-centered mix'). In fact, Portugal's renewable energy generation rate in 1995 was only 3.2% of the total, but by 2015 it had risen 30.3%, an approximately 9-fold increase in 20 years [9, 48] In Portugal, Type 2 (F*H*R*n, 'nuclear energy-marginalized mix') was maintained until 2005, but in 2010, it was converted to Type 10 (f*H*R*n, 'pan-renewable energy-centered mix'). In fact, Portugal's renewable energy generation rate in 1995 was only 3.2% of the total, but by 2015 it had risen 30.3%, an approximately 9-fold increase in 20 years [9, 48] . In the UK, Type 7 (F*h*r*N, 'pan-conventional energy-centered mix') continued until 2000, then changed to Type 5 (F*h*R*N) in 2005 and 2010, and was converted into Type 11 (f*h*R*N, 'renewable & nuclear energy-centered mix') in 2015. In other words, in the 1990s, conventional energy generation became popular, in the 2000s renewable energy development also increased, and by 2015, fossil fuel power generation became rather weak. The proportion of renewable energy generation in 2015 was 23.0%, which was about 38 times higher than the 0.6% of 1995 [9, 49] .
This study highlights that the relative expansion of the proportion of new and renewable energy in these countries is an important change because, in the setting of the existing energy mix, the renewable energy has been neglected due to the fluctuation of physical supply availability [17, 47, 50] . The main purpose of the energy mix was to precisely set a configuration based on fossil fuels and nuclear power, which have been supplied and controlled easily [28, 49, 50] . In this paper, the 20-year trend of the energy mix in 34 OECD countries through the Fuzzy-set of ideal type analysis, reveals the gradual change of the features of energy transition, although an epoch-making trend of overall energy transition in OECD countries is not identified. In addition, the analysis of the energy mix ideal type of individual countries reveals the change in energy mix characteristics and the context of energy transition.
However, in spite of these significant findings, this study has limited ability to explain energy transition only from the transition of hard energy (fossil fuel and nuclear energy) to the soft energy (renewable energy) in the 34 OECD case countries. In fact, the energy transition has a characteristic of the transformative aspect of the sociotechnical system in which the political, economic, environmental, and social elements are simultaneously changing and rearranged, and the aspect of the implementation of multilateral governance in which various entities participate [10, 51, 52] . To overcome these limitations, various follow-up studies will be needed to study the relevant contexts of each OECD country's detailed case in relation to energy transition based on a sociotechnical system.
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